This article reports the results of a study of access problems and issues related to scholarly and peer-reviewed electronic journals (e-journals) currently found on the Internet. Data are reported on the accuracy of directory information, the accessibility of e-journal articles, the status of e-journal archives, methods used to retrieve current and back issues, and the variety of data formats used by e-journals. Data also are presented on the accessibility of the texts of electronic publications referenced bye-journal articles. The findings illustrate the practical problems that can arise when users attempt to retrieve the texts of electronic publications, and reveal relatively poor accessibility and usability of the ejournals studied. Implications for academic and research libraries are considered.
list) technology operating on the Internet and Bitnet networks and distributing ejournal articles as ASCII text files. The Gopher or FTP protocols were often used as complementary mechanisms providing additional access to listserv-based e-journals. Since 1993, ,the tremendous growth of the WWW has influenced both the number and distribution mechanisms of e-journals. Many e-journals formerly based on listservs and most newly established e-journals have migrated to the WWW, which allows journals to go far beyond simple ASCII text in the provision of information. Journals published on the WWW can include hypertext links connecting references, tables, and other parts of an article, as well as links to other Web files. In addition, they can use powerful new features such as graphics, sound, video, and even mini programs (e.g., Java applets). Web browsers use several Internet protocols, including Gopher, FTP, and http (hypertext transfer protocol). In addition, speed of publication can be greatly enhanced over that of print journals. Thus, although thorny cost, quality, archival, and preservation issues have not yet been resolved, there are clearly potential benefits of e-journals over traditional print journals. Some commentators expect e-journals to supplant paper journals in the relatively near future. 5 To this point, vastly more speculation has been written about the potential of ejournals than empirical research conducted on existing ones. Although thousands of e-journals, newsletters, zines, and other electronic serials now are available on the networks and interest in them has greatly heightened, little empirical research has been conducted. 6 Hazel Woodward and Cliff McKnight argue that three levels of access toe-journals must be considered. 7 The first is access to the bibliographic information on e-journals and publishers, including names and addresses. The second level Accessing Electronic J oumals 441 is access through indexing and abstracting services to information about the individual articles published bye-journals. The third level is access to the actual texts of e-journal articles.
Several e-journal directories are available in both print and electronic form, 8 and some abstracting and indexing services have recently begun to index a few e-journals.
9 However, to the authors' knowledge, no empirical research has been published regarding access problems and issues related to the texts of e-journal articles that are currently availTo the authors' knowledge, no empirical research has been published regarding access problems and issues related to the texts of e-joumal articles that are currently available on the networks. able on the networks. Reliable access and usability seem crucial if e-joumals are to succeed as a new medium of formal scholarly communication.
A related issue is access to the texts of e-journal articles and other kinds of e-publications that have been cited in print or electronic journals. That is, when an author cites an e-publication, what can be said about the accessibility of that item, given the information provided in the citation? Again, to the authors' knowledge, no research has been conducted on this question.
The specific research questions addressed in this article include:
• To what extent can information provided in e-journal directories be used to retrieve the actual texts of articles? The issues addressed here are accuracy, currency, and completeness of the information provided, as well as stability of the. locations of these files.
• If e-journals cannot be located from the information provided in a directory entry, can they be found through independent means (e.g., use of search engines)? ·
• What kinds of problems do users encounter when they try to access ejournals?
• To what extent do e-journal archives exist?
• How complete are existing e-journal archives?
• What methods are used to access current issues and archives of e-journals?
• What data formats are used for e-journals? These will have implications for ease of use, printability, and so on.
As part of the larger study, references in e-journal articles were checked as a measure of the impact of e-journals on scholarly communication. References to e-journal articles and other types of e-publications also were checked for accessibility and type of resource. Thus, two additional questions are raised:
• What are the frequencies and types of e-publications that are references in e-journal articles?
• To what extent are references to e-publications in e-journal articles accessible to users, based on information provided in the reference?
Methodology
The primary purpose of the larger study was to assess the impact of scholarly and peer-reviewed (or refereed) e-journals on scholarly communication by studying citations to, and references in, e-journal articles as of the latter part of 1995. To conduct the reference study, it was necessary to retrieve and study a sample of e-journal articles. This gave the authors an opportunity to experience firsthand the kinds of problems that occur when users try to accomplish the same task.
Because the larger study dealt with scholarly and peer-reviewed e-journals, the authors needed to exclude other electronic publications such as newsletters and zines. 10 All e-journals identified in either directory as peer-reviewed or refereed were included. Procedures followed to select the sample (drawn in June 1995) were:
• E-journals selected from the ARL directory were taken from the section entitled "Electronic journals, magazines, and zines" and identified there as "peerreviewed." All e-journals meeting these criteria became members of the sample.
• E-journals selected from the Mecklermedia directory were taken from the section entitled "Electronic Journals and Newsletters" and identified there as "refereed." All e-journals meeting these criteria became members of the sample.
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• The two lists were combined and duplicates removed. There were 131 scholarly and peer-reviewed or refereed e-journals in the final list. The authors attempted to access all ofthese to retrieve a sample of articles for study.
Most of the e-journals in the sample use more than one access mechanism. The authors used all access methods provided by the ARL and Mecklermedia directories to attempt to gain access to thee-journal collections. For example, one e-journal directory entry provided only the editor's e-mail address as an access method, whereas another provided the editor's e-mail address, uniform resource locators (URLs) for FTP, Gopher, and WWW, and a listserv address. The authors checked all the access points provided in each e-journal entry in the two directories for each of the 131 e-journals in the sample.
There were several occasions when the authors failed to gain access to the e-journals using any of the access methods provided. In such cases the authors used other methods. First, they used Internet search engines such as Infoseek, Webcrawler, Lycos, and Yahoo. In this way, some of the inaccessible e-journals were located. Second, the authors checked vari- 6 Listserv and Gopher the authors failed to access an e-joumal 6 FTP, Gopher, WWW, and e-mail using all the techniques described above, 6 Gopher alone they attempted to contact its editor. Some-'--~---------------_J times this method also was successful.
Through their best efforts to access all thee-journals in the sample, the authors identified the extent to which e-journals were accessible, the types of problems that actually occur when users try to access e-journals, and some possible causes of these problems. In addition, the authors investigated whether archives for thee-journal existed and, if so, their state . of completeness. Finally, the authors attempted to determine the life status of the e-journals in the sample. An e-joumal was operationally defined as "alive" if its archives existed and contained at least one issue or article published in 1995 (as of September 1, 1995) . Otherwise, the authors assumed it had ceased publication. Table 1 reports the most frequently used combinations of methods for accessing ejournals. Most e-joumals use two or more access/ distribution methods. Twenty-four ejoumals used the WWW as the sole access/ distribution method, making it the most popular e-journal distribution mechanism. Six e-journals used Gopher alone. This is not a surprising result when . the explosive growth of the WWW and the simultaneous drop in attention to Gopher, which itself underwent explosive growth only a few years earlier, are considered. If an e-journal is available only through the listserv, accessing e-journal issues, especially back issues, is somewhat difficult, particularly for nonsubscribers.13 The procedures can be timeconsuming and require a fair amount of knowledge on the part of users. On the other hand~ to be notified of current issues or articles via e-mail is probably the most convenient of all approaches. Thus, it is not surprising to find listserv software used in combination with other distribution methods.
Findings

Access Methods and Data Formats
Accepting the premise that a major function of scholarly e-journals is "to make public the results of original research to the widest possible audience," 14 it follows that several methods should be used to provide access so that users can choose the methods most suitable for them. Nine e-joumals use all four of the most common e-journal distribution methods: listserv, FTP, Gopher, and WWW. Table 2 shows that about two-thirds of the e-journals in the sample used the WWW as at least one distribution Table 3 also shows that various data formats necessary for multimedia presentations, such as DVI, GIF, MPEG, and QuickTime, have begun to be method. Gopher, FTP, and listserv occupied the second, third, and fourth ranks, respectively. In addition, it should be noted that e-mail, which is relatively primitive compared to other e-journal distribution methods, is still used as a distribution method by onesixth of the e-journals studied. Table 3lists the very diverse data formats used by thee-journals in the sample. Among these, the simple ASCII text file was the most commonly used. ASCII is limited in terms of its information representation ability because it cannot handle graphics or special characters such as mathematical symbols. On the other hand, for certain scholarly forms (e.g., essays) and for the bulk of research and scholarship in many fields (e.g., English and sociology), ASCII is perfectly adequate and perhaps preferable. Plain ASCII texts also have an obvious merit in that they can be easily read and manipulated by all kinds of computer hardware and software, · limited access toe-journals cannot help but affect their acceptability among scholars as a legitimate medium of formal scholarly communication. Table 5 reports the results of the *Two fee-based e-joumals could not be accessed because the authors had no subscription.
authors' failures to connect to e-journal archives. More than 40 percent of the e-journals in the sample had one or more identifiable problems with the data provided in one or both directories. used by e-journals. The kinds and numbers of data formats used for multimedia presentation indirectly reflect the impact of the WWW on e-journals. With the exception of ASCII text, all the data formats listed in table 3 require special software, and in some cases hardware, to view or use the document or document part. This fact can have a significant impact on user accessibility (and on a library's ability to provide access for users to these files).
Nearly 10 percent of thee-journals could not be accessed at all through the URLs listed, although the authors tried to connect to each on at least three different days and times. Eleven (8.6%) of the e-journals had moved their locations, but only six of these provided a "move notice" on their old sites that included a new address (URL). Five e-journals moved but provided no information. In such cases, the authors were able to identify the new location through their own efforts, for example, by using Internet search engines or via intuitive navigation of host serv- Table 4 shows the success rates the authors achieved in connecting to thee-journal archives using all access methods listed in the ARL and Mecklermedia directories. Less than half the e-journals in the sample could be accessed on the first try using all the methods and addresses provided. This is a disappointing result, because one of the most important advantages claimed for e-journals compared to print journals is speed of access. Such low success rates in accessing e-journals must be considered a serious from relatively easy to find to very difficult. For example, "SUB-SCRIBED" instead of "SUBSCRIBE" was given as a listserv command, a relatively easy error to diagnose (but not, perhaps, for a naive end user). In another case, "utsas" instead of "utas" was given as a part of a URL; this was very difficult to detect. Even though these look like very minor errors, access to the e-journals failed because of them. URLs must be correct in every aspect, including case, or the connection will fail. "Minor" ers. In addition, nine (7%) of thee-journals did not respond in any way to the authors' listserv or e-mail requests. For these e-journals the authors can conjecture that either they have ceased publication, no longer distribute issues using e-mail, or have a new editor (with the former editor no longer answering his or her e-mail).
Accessibility of E-journal Articles
Nearly half the problems the authors experienced in connecting to the archives of thee-journals in the sample could be traced to inaccurate data in the print directories (see table 6 ). For twenty e-journals, parts of the URLs were missing. The authors were often able to identify the correct URLs by navigating the sites using the partial information provided in the directory entry.
In fourteen cases, the authors discovered a Gopher, FTP, or Web location for an e-journal through In nine directory entries, an incorrect listserv command was provided. For example, one of the directories gave the subscription command syntax "subscribe <list>" instead of "subscribe <list> <your name>" for subscribing to a list controlled by the Listproc listserv. The command <your name> is necessary in Listproc, but optional in Listserv.
In nine additional cases, the URL provided was entirely incorrect, in many cases probably due to the archive having been moved to a completely different location. Other less frequently observed problems in the directory listings are given in table 6 .
Another important issue that should be considered in determining the accessibility of e-journals is the completeness TABLE7 Completeness of Archives their own efforts, but this informa-State of Archives
No. of Percentage tion was not provided in the relevant directory entry. These situations almost certainly resulted from the rapidity of change-from an eArchives were complete for all methods journal adding a Gopher or Web Archives were incomplete site after the directory information for one or more methods had been gathered and published. Impossible to evaluate
The authors found nine typo-completeness of archives 131 100% of the archives. Many of the e-journals provide several different access methods, and also maintain several different forms of archives based on these methods. Table  7 reports the authors' findings on the completeness of the archives maintained by each e-journal in the sample. For twothirds of the e-joumals, all archives were complete. More than one-fifth of the e-journals had at least one incomplete archive, and the authors could not determine the completeness of the archives of the remaining sixteen. To publish their articles as quickly as possible, some e-journals have no concept of issue, though they usually retain the concepts of volume and/ or publication year. For these e-journals, articles are individually distributed (published) as they are accepted. Such a mechanism, which is unique to e-journals, speeds up the publication process because there is no need to wait until enough articles are ready before publishing an issue. However, this made it impossible to identify whether articles were missing from the e-joumal archives, because typically no index to published articles was provided. Table 8 reports the life status of the e-joumals in the sample. About a quarter of the e-journals had ceased publication, according to the authors' operational defi-subscription fee or is free can affect the extent to which libraries may be asked for assistance in providing access to it. The authors identified eight pricing models for the e-joumals in the sample (see table  9 ). In all, only thirteen (10.4%) of the 125 e-journals in the sample for which the fee question could be determined charged a subscription fee.
The authors tested the relationship between several access variables and whether a subscription fee was charged, using the chi-square test. A significant relationship was found between the success the authors had in connecting to the e-journal archives (see table 4) and whether a subscription fee was charged. Free e-journals were significantly more likely to have access problems (x 2 = 11.172, p = .002).
References to £-publications
One of the main purposes of the larger study was to analyze the references from a sample of articles in scholarly and peerreviewed e-joumals in order to measure the extent to which authors of e-journal articles are currently citing e-joumals and other online sources. Such authors can be assumed to be more knowledgeable about, and sympathetic to, the electronic media than typical authors. Thus, the renition of death. Twenty-eight .
----------' ---------------, TABLES e-joumals had archives but had published no 1995 issue (or article). Four e-journals could not
Life Status of E-journals in the Sample be accessed at all. In addition, the Life Status No. of E-journals authors could not determine the life status of four e-journals. Two of these were fee-based e-joumals for which the authors had no subscription. The remaining two had no concept of volume, issue, or publication year. Although there were articles stored in the archives, it was impossible to tell when they had been placed there. Whether an e-journal charges a L ----------------------' suits of the reference study should provide an upper bound on the current influence of e-journals on scholarly communication.
TABLE9 Pricing Arrangements for E-journals
Among the original sample of 131 e-journals, the authors determined through examination of sample issues that seventy-four of these were scholarly and peer-reviewed, were accessible to them, and published articles with references. The authors retrieved and printed the last four such articles published by each e-journal. 15 Six of the seventy-four e-journals had published fewer than four articles as of September 1995, when the data collection took place. In these cases the authors studied all the available articles.
From the most recent 279 articles published in the seventy-four scholarly and peer-reviewed e-journals, there were a total of 4,317 references. The authors classified each reference as to its format (book, serial, book chapter, online source, etc.). They further classified the online sources as to subtype (Web page, e-mail, e-journal article, etc.). Finally, the authors tried to retrieve the texts of the referenced online sources. A full discussion of the methodology and findings from the reference study is given in Harter and Kim.
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Of particular interest here is the result of the authors' attempts to access the online publications that were cited in the sample of e-journal articles. A total of eighty-three online sources (1.9% of the 4,317 references) were cited. Table 10 shows the types and frequencies of references to online sources, arranged by the content of the source (Web page, listserv posting, etc.). Web pages, electronic personal papers, e-mail messages, and e-journal articles were the most commonly referenced electronic sources. The authors found many of the references to online sources to be inconsistent, incomplete, and/ or inaccessible. Many did not lead to the text of the cited online source. The authors could not determine the types of twelve online references (14.5%) because bibliographic information was incomplete and because the online sources were not accessible, making further investigation impossible. For example, some of the online references provide only a URL and no other bibliographic information. In these cases, if the authors could not access the cited reference through the given URL, it was usually not possible to determine the type of online source being cited.
The authors studied each of the eightythree references and tried to access the text of the cited material. One of the great theoretical advantages of references to online sources is that the reader can retrieve the full texts of the cited sources very quickly (ideally, by clicking on the reference itself). The third column of table 10 shows the results of our attempts toretrieve the texts cited by the eighty-three references. Only six of the nine e-journal articles cited were accessible. E-mail messages and newsgroup posl:ings were especially inaccessible, and none of the twelve sources whose types could not be determined could be retrieved. Overall, only about half of the texts of the cited online sources could be accessed.
These findings are analyzed in another way in table 11. Online information sources can be obtained using several different access protocols. Forty-seven of the cited references included a URL. The authors used Netscape, a Web browser, to attempt to access these URLs. However, only two-thirds of the URLs led to the text of the source. For the remaining third, the authors obtained the browser message "The server does not have a DNS entry" or the server error message "404 URL Not Found." Several types of the online references listed in table 10 (e.g., Web pages, / electronic personal papers, SGMLencoded documents, software programs, and local file references) were usually cited in this way, often only with a URL. For online sources in which e-mail information was provided, the authors tried to contact the source using e-mail. Only four of these references led to the online source cited. The authors received the mail server message "User Unknown" in seven cases. In two other instances, there was no response to the authors' message.
Nine of the online references were to · listserv postings. The authors were able to access six of these by using the listserv access information provided in the reference (e.g., the listserv name and posting date) and by using listserv commands. These required a fair amount of knowledge and effort. The authors' failures were due to the lack of the existence of listserv archives or archives for the time period in question. This also was the explanation for the authors' inability to find the seven cited Usenet newsgroup postings. Two electronic newspaper articles were cited. The authors were fortunate to have access to Lexis/Nexis, and found the cited articles that way.
Finally, table 11 indicates that five online references fell in the category "incomplete access information provided." In these cases, there was insufficient information for the authors even to attempt to gain access to the source. ·Table 11 shows that, except for electronic newspapers available through a (0.0) (51.8%) cessed material would be even lower if the authors required transparent accessibility-that is, if texts found through search engines or through knowledge of arcane listserv commands were considered to be in a different category than those available simply by clicking on a URL. Table 12 summarizes the accessibility findings when the data are viewed in this way. Table 12 shows that only 37.3 percent of the references in the sample provided transparent (clickable) access to the text of a cited reference. In another 14.5 percent of the references, the text could be found, but only with significant effort, as described above. Nearly half of the references did not lead to the cited text even when significant effort was expended.
Direct accessibility to cited e-journal articles and other cited online sources would obviously be extremely convenient to readers and would offer a great advantage to e-journals over print. Equally, if readers cannot access original sources of referenced material, references to electronic sources are much less useful than references to print sources. The authors should emphasize that the references studied appeared in recently published ejournal articles-most during the year in which the data gathering took place. The authors might reasonably expect the great majority of such references to be largely correct and complete---at least enough to lead the reader to the text of the referenced source. This was not what the authors found; only half of the references were accessible, and only somewhat more than a third provided transparent access. When more time has passed, these proportions are likely to be much lower. The authors conclude that the accessibility of cited online sources is potentially a very serious problem for e-joumals and for the citation of electronic publications more generally.
Conclusions
The findings of this study illustrate the · practical problems that occur when users attempt to access the texts of articles published in scholarly and peer-reviewed e-joumals that are currently available on the Internet. The problems the authors identified raise several important issues that libraries should consider.
If academic and research libraries are to provide users with access to the texts of e-journals, appropriate hardware and software is needed. Many of the e-journals in the sample employ two or more access and distribution methods, and some include data formats such as PostScript, DVI, and TeX, as well as audio and video capability, for rich information representation. Many users will not be able to fully utilize such e-journals on their own computers for lack of their own appropriate hardware Accessing Electronic Journals 453
One of the troubling findings of this study was with the information found in the two (print) e-journal directories the authors used. More than half of the e-journals in the sample could not be accessed by one or more methods given in the directories, despite the recent publication dates of the directories. The most frequent reason for access failure was inaccurate directory information. The authors assume that the main cause of inaccuracies is that the directories, which are compiled and published annually, cannot keep up with rapid changes in the relevant information. As long as growth and change in e-journals continue to be rampant, the print medium may not be well suited for an e-journal directory. In fact, the ARL directory is available in both print and electronic form. However, the electronic version, which is available on a Gopher site, 17 is an abridged version of the annual print e-journal directory and is not continually updated. In this sense, it does not take full advantage of its electronic character. To keep up with rapid changes in e-journals, up-to-date information should be readily available-and that implies that the directories themselves should be on the Internet and in a state of continuous revision.
Another important issue is the need to create and maintain e-journal archives. A full 55 percent of thee-jouror software. Just as academic . . . nals in the sample could not be accessed on the first try by one or more methods listed in the directories. More than half of the access failures were due to the problems of thee-journals themselves, such as servers being down or server location changes. Moreover, about one-fifth of the e-journals had incomplete archives and almost a quarter had probably ceased publication. The authors' data raise serious questions concerning the permanence and reliability of e-journal archives.
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Commercial publishers also will become much more involved. This article has dealt with scholarly peer-reviewed e-journals that were in existence as of June 1995 (as given in the ARL and Mecklermedia directories used to draw the sample). These did not include any of the major commercial publishers, such as Elsevier Science, Springer Verlag, John Wiley & Sons, Blackwell Science Limited, Academic Press, and Taylor and Francis, who are just now making their presence known. 19 The authors are sure that some of the access problems noted here will be addressed by these large fee-based publishers, who will probably try to maintain complete and easily accessible archives. The situation is not so clear for the smaller publishers. Indeed, the authors found significantly more access problems with free e-journals than with fee-based ones. This implies that smaller e-journal publishers need to give more attention to quality control issues, especially those involving access. It also suggests that the idea of free e-journals may be an illusion that cannot be sustained.
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Academic libraries have traditionally performed archival functions for serial publications that publish academically relevant articles, regardless of format. E-journals should not be an exception. Precisely how and in what formate-journals should be archived by academic and research libraries-paper, microfilm/ fiche, floppy disk, CD-ROM, or on local servers-remains to be determined by the individual libraries or cooperative entities that determine to maintain archives. But without such archives, the unreliable. access toe-journals that the authors have reported makes their evolution into a new medium of scholarly communication somewhat problematic.
The traditional scholarly journal system was not built in a day. The transformation of print scholarly journals to their present form and function has been an ongoing process for more than two centuries. The journal has had to continuously evolve in order to best serve its role as the primary medium of scholarly communication. On the other hand, the scholarly e-journals that began to be available on the networks in the late 1980s have had a relatively short history, and academic libraries have grappled with them for an even shorter period. E-journals are still in a very early stage of development, and the many issues related to them are in constant change. Nonetheless, e-journals have unique advantages over print journals and offer the potential to revolutionize the traditional scholarly communication system that heretofore has been dominated by paper journals. The change in the scholarly communication system brought by e-journals has already begun and will probably be profound.
Electronic journals are, of course, only one type of e-publication, though certainly one of the most important ones from the perspective of a research library. The study of references to e-publications reported here shows that access to the texts of the cited material is no more reliable than access to e-journal articles. Potential solutions to this problem are not apparent because there are vastly more citable e-publications on the WWW that are note-journal articles than those that are. Building a framework to approach this knotty problem is extraordinarily challenging. Yet traditionally academic libraries have played a crucial role in the scholarly communication process, and cannot ignore the access problems and issues the authors have discussed. It is time to actively attack them.
